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We tested if the risk of suicidal ideation in individuals with PTSD symptoms was dependent 
on comorbid sleep disturbance. Our cross-sectional sample included 2,465 participants with 
complete data from the 21 year follow-up of the Mater University Study of Pregnancy 
(MUSP), a birth cohort study of young Australians. Using structural equation modelling with 
indirect pathways we found that 12 month PTSD symptoms did not directly predict suicidal 
ideation at 21 when adjusting for major depression symptoms, polyvictimization and gender. 
However, PTSD symptoms had an indirect effect on suicidal ideation via past-month sleep 
disturbance. Our results suggest that increased suicidal ideation in those with PTSD may 
result from the fact that PTSD sufferers often exhibit other comorbid psychiatric conditions 
which are themselves known to predict suicidal behaviors. Sleep disturbance may be targeted 
in those who experience PTSD to help prevent suicidal ideation. 
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Suicide and suicidal behaviors are major causes of death and injury worldwide accounting for 
almost one million deaths per year globally (Nock et al., 2008), and epidemiological findings 
reveal that around 90% of suicide completers have a diagnosable psychiatric condition before 
death (Cavanagh, Carson, Sharpe, & Lawrie, 2003). Such evidence may suggest the need to 
target interventions at patients with psychiatric disorders placing them at a high risk of 
suicide. However, the low prevalence of suicide as a statistical outcome (Large, Sharma, 
Cannon, Ryan, & Nielssen, 2011), in addition to the highly comorbid nature of psychiatric 
disorders, makes it difficult to determine which disorders, in which combinations, are 
harmful or benign regarding the escalation of suicidal behavior (Naragon-Gainey & Watson, 
2011; Nock, Hwang, Sampson, & Kessler, 2010).  
 
Rates of suicidal behavior were found to double among those suffering Post-traumatic Stress 
Disorders (PTSD) in a large European epidemiological study (Bernal et al., 2007). However, 
PTSD as a disorder which possibly leads to suicide underlines the difficulties outlined above 
as individuals with PTSD often present with comorbid diagnoses, including depression and 
sleep disturbances, which are themselves related to suicidal behaviors (Brown, Mellman, 
Alfano, & Weems, 2011; Creamer, Burgess, & McFarlane, 2001; Spoormaker & 
Montgomery, 2008). Partly as a consequence, it has been suggested that rather than PTSD, it 
is these and other comorbid conditions which either result from trauma exposure or PTSD 
development, or predate and are thus exacerbated by trauma exposure or PTSD development, 
that increase an individual’s risk of functional impairment and disability (Sareen et al., 2007). 
Firstly with regard to depression, the majority of existing evidence favours the hypothesis 
that PTSD has an independent affect on an individual’s risk of suicidal ideation and a 
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stronger effect on attempts (Cougle, Resnick, & Kilpatrick, 2009; Nock et al., 2010; Sareen et 
al., 2007), with the strength of the association increasing when accompanied by comorbid 
disorders, particularly comorbid depression (Panagioti, Gooding, & Tarrier, 2012). Though it 
remains unclear whether PTSD is a risk factor for completed suicide (Krysinska & Lester, 
2010; Panagioti et al., 2012).  Alternatively, a smaller body of research suggests that 
comorbid depression plays an intermediary role, explaining rather than strengthening, part 
(Krysinska & Lester, 2010; Tang et al., 2010) or all (Leiner, Compton, Houry, & Kaslow, 
2008) of the relationship between PTSD and suicidal behavior.  
 
The role of sleep disturbances in the relationship between PTSD and suicidal behaviors has 
received less attention. In addition to being associated with an increased risk of suicide and 
suicidal behaviors (Goldstein, Bridge, & Brent, 2008; Ribeiro et al., 2012; Wong, Brower, & 
Zucker, 2011), evidence shows that sleep disturbances are highly prevalent in those with 
PTSD, found to increase in severity along with PTSD symptom severity and to hinder PTSD 
remission (Brown et al., 2011; Germain, Buysse, Shear, Fayyad, & Austin, 2004). Some 
suggest that sleep disturbance may even constitute an under-acknowledged set of ‘night time 
PTSD symptoms’ developing alongside PTSD symptoms as a consequence of trauma 
exposure (Spoormaker & Montgomery, 2008). While contrary evidence suggests that sleep 
problems prior to traumatic exposure place an individual at greater risk of developing PTSD 
after trauma exposure by reducing the body’s capacity to cope with stress (Bryant, Creamer, 
O'Donnell, Silove, & McFarlane, 2010; Meerlo, Sgoifo, & Suchecki, 2008). Although 
evidence regarding which condition manifests first is mixed, further findings reveal that sleep 
problems in children played a critical mediating role between traumatic stress and negative 
psychological and social outcomes (Spilsbury, 2009), and one exploratory study found a 
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positive association between sleep disordered breathing and movements with suicidal 
behavior in a small group of female sexual assault victims with PTSD (Krakow et al., 2000).  
 
In summary, the literature reviewed above suggests that; (a) PTSD may be more predictive of 
suicidal ideation, plans and attempts rather than completion, and the relationship between 
PTSD and suicidal behavior is at least partly reliant on the presence of comorbid conditions; 
(b) sleep disturbances are important predictors of both PTSD symptoms and suicidal 
behaviors; and (c) sleep disturbances may play an important role in the relationship between 
trauma and PTSD with psychological and social outcomes. Hitherto however, no study has 
examined if sleep disturbances are involved in the relationship between PTSD and suicidal 
ideation (SI). As SI represents the initial precursor in the escalation to suicide completion it is 
a logical target for intervention, and is also perhaps more strongly related to PTSD than 
suicide completion. In addition to adjusting for major depressive disorder (MDD) symptoms 
we consider the role of trauma profiles in sleep disturbances and SI. We propose the use of 
polyvictimization (operationalized as a count of the number of different types of trauma each 
participant has been exposed to)  as the best way to control for trauma, as evidence shows 
that the polyvictimization profiles of children and adolescence are more strongly associated 
with related trauma symptoms than single or multiple exposures to one type of (worst) trauma 









2. Materials and methods 
 
2.1 Participants 
Participants came from the Mater University Study of Pregnancy (MUSP), a prospective birth 
cohort study set in Brisbane, Australia. From 1981 to 1984 all public patients attending their 
first obstetric consultation at Brisbane’s Mater Misericordiae Hospital (MMH) were invited 
to join the study cohort. This resulted in a baseline sample of 7,223 mothers and their 
offspring (52% male; 48% female). The cohort was highly representative of all neonatal 
outcomes and the Brisbane average. Subsequently, a broad range of data on both mother and 
child were collected at birth, and at 6 months and 5, 14 and 21 years of child age. More 
information regarding the MUSP can be found elsewhere (Najman et al., 2005). The cross-
sectional sample used in our analysis came from the 21 year follow-up when 2,561 offspring 
completed the Composite International Diagnostic Interview (CIDI-Auto) which diagnosed 
participants with a range of DSM-IV psychiatric disorders. While a larger number completed 
the suicide item and sleep items as part of the main survey (n=3,844), this study was 
restricted to those who also completed the CIDI-Auto, resulting in a full case analysis of 
2,421. Informed consent from all participants was gained, all data was coded for 
confidentiality and ethics was approved for the cohort by the institution and funding body. 
 
2.2 Measurement of suicidal ideation and sleep disturbance 
At the 21 year follow-up, participants completed the Achenbach Young Adult Self-Report 
(YASR), a validated self-report scale for use with adults 18-30 and including 114 items 
corresponding to 8 subscales of behavior problems (Achenbach, 1997). We used one item 
from the YASR as our measure of suicidal ideation (SI); “I think about killing myself”. 
Participants responded to this question with either not true/somewhat true/very true with 
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regards to the last 6 month period. Those who responded somewhat or very true were 
classified with SI resulting in a total of 200 (8.3%) of individuals in the full case analysis 
classified with SI. 
 
Also at 21 all participants completed a shortened version of the Pittsburgh Sleep Quality 
Index (PSQI) (Buysse, Reynolds, Monk, Berman, & Kupfer, 1989), which is a standardized, 
self-rated questionnaire consisting of 19 items, measuring sleep quality in the past month 
across seven components including; subjective sleep quality, sleep latency, sleep duration, 
habitual sleep efficiency, sleep disturbances, use of sleep medication and daytime 
dysfunction. When using the full form, the resulting component scores are summed to 
produce a global score of sleep quality, which has been shown to have acceptable sensitivity, 
accuracy, comprehensibility and reproducibility (Backhaus, Junghanns, Broocks, Riemann, & 
Hohagen, 2002; Carpenter & Andrykowski, 1998). In the MUSP, only 9 items were surveyed 
including the subjective sleep quality item, the sleep duration item and 7 of the 12 items from 
the components of sleep disturbances, use of sleep medication and daytime dysfunction. 
Because we were only interested in night time sleep disturbance, we took a confirmatory 
factor analytic (CFA) approach to our indicators of sleep disturbance. The three items which 
represented trouble sleeping at night (night time restlessness, waking, and medicine use to 
help sleep) plus subjective sleep quality were used to create a latent factor using CFA to 
ensure the proposed factor fit the data. The remaining items were not included. 
 
2.3 Measurement of psychiatric disorders and polyvictimization 
At 21, the life time version of the CIDI-Auto (World Health Organisation, 1997) was used to 
diagnose participants with DSM-IV PTSD and MDD (First, 2004). The CIDI-Auto was 
administered by trained interviewers and has good validity and inter-rater and test-retest 
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reliability (Peters, Clark, & Carroll, 1998). To avoid using diagnoses which contained 
symptoms related to sleep disorders and SI, we made two count variables summing the 
number of PTSD and MDD symptoms for each individual, excluding symptoms related to 
sleep and death/suicide. To have a PTSD or MDD symptom the respondent indicated the 
symptoms lasted in duration of ≥ 1 month or ≥ 2 weeks respectively, and had occurred in the 
last 12 months. Importantly, while PTSD consisted of 17 symptoms plus two peritraumatic 
responses (see table 1 for PTSD symptoms) MDD contained 9 symptoms (7 of which were 
not related to sleep or suicide) each which were comprised of a number of symptom 
indicators. We based our analysis on a count of MDD symptom indicators rather than 
symptoms so our scale had increased specificity. Finally, as few people reported 1-6 PTSD 
symptoms and 1-4 MDD symptom indicators, we collapsed these quantities (see table 1). 
 
The version of the CIDI we used included 11 potentially traumatic events occurring over the 
participants lifetime including exposure to; combat or war, a life-threatening accident, a 
natural disaster, witness to death or injury, rape, sexual molestation, physical assault, threat 
with a weapon or kidnap, torture or terrorism, other and disclosure of trauma experienced by 
family member or friend. Polyvictimization status was operationalised as a count of the 
number of different types of trauma each participant has been exposed to 
 
2.4 Statistical analysis 
The hypothesised model was tested by a structural equation model (SEM) with an indirect 
effect, using weighted least squares estimation (WLSMV) available in Mplus version 6. 
Model fit was assessed using the chi-square statistic, the Root Mean Square Error of 
Approximation (RMSEA), the Comparative Fit index (CFI) and the Tucker-Lewis Index 
(TLI). The combination of indexes provide multiple perspectives on model fit regarding the 
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parsimony, absolute fit and comparison to the baseline model, and it is widely accepted that 
CFI ≥ 0.95, TLI ≥ 0.95 and RMSEA < 0.06 indicate that the model fits the data well (Hu & 
Bentler, 1998). Importantly, with large data sets the chi-square value is known to be 
unreliable, and it is suggested to instead use the ratio of the chi-square value to the degrees of 
freedom, with good fit indicated by a ratio smaller than 5 (Schumacker & Lomax, 2004). 
Prior to the structural model, CFA was used to assess the latent sleep disturbance factor. The 
structural part of the model was subsequently added to the measurement model by 
introducing a number of variables and regression paths; (a) sleep disturbance regressed on 
MDD symptoms, PTSD symptoms, polyvictimization and gender, (b) SI regressed on MDD 
symptoms, PTSD symptoms, polyvictimization and gender, and (c) SI regressed on sleep 
disturbance (see figure 1).  
 
The indirect effect of PTSD on SI mediated via sleep disturbance was also estimated using 
the Model Indirect statement. Model Indirect estimates the indirect parameter estimate by the 
delta method and uses the ratio of the parameter estimate divided by the standard error as a z-
test to calculate a probability value (MacKinnon, 1998; Muthén, 1998-2010). Due to 
concerns that the sampling distribution of the above mentioned ratio is non-normal, we also 
used bootstrapping (1000 samples) to calculate the indirect parameter estimate (MacKinnon, 
Fairchild, & Fritz, 2007). Finally, for two reasons we did not take a causal steps approach by 
which the direct relationship between A and C is first established and then challenged in 
subsequent models against the ‘full’ or ‘partial’ mediating effect of the intermediary variable. 
Firstly and most importantly, according to the latest guidelines of practice the establishment 
of a significant direct effect is not necessary to finding an indirect effect  (Rucker, 2011). 
Therefore we tested instead a single confirmatory model of our hypothesised relationship. 
Secondly, our data was cross-sectional and therefore we were unable to test causality. Instead 
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we aimed to observe if sleep disturbances were one of many possible comorbid conditions 
necessary in predicting SI in those with PTSD symptoms. 
 
2.5. Adjustment for Attrition 
Finally, we undertook attrition analysis by which multivariate logistic regression compared 
the odds of those who were included in our SEM with those lost to follow-up but with the 
necessary data at baseline (this was done on 6,534 original participants). Variables used 
included maternal depression and anxiety symptoms, family income, maternal age at birth 
and maternal relationship status. Maternal depressive and anxiety symptoms at baseline came 
from the two seven-item subscales of the Delusions States Symptoms Inventory, which is a 
















Around 8.3% of the sample was classified as having SI, and around 51% of the sample had 
been exposed to at least one traumatic event in their lifetime and 6% had been exposed to 
four or more traumas (table 1). Also, while many participants experienced restless sleep, 
night waking and suboptimal sleep quality, few reported the use of sleeping medicines 
(around 8%). Table 1 also includes a summary of PTSD symptoms and tabulated frequencies 
of the PTSD and MDD symptoms variables. Table 2 shows the correlations between all the 
factors included in the analysis, revealing that SI was most strongly correlated with MDD 
symptoms, but also related with all other factors except gender, and that PTSD and MDD 
were correlated. 
 
CFA revealed that the measurement model consisting of the latent sleep disturbance factor 
was a good fit to the data (CFI = 1.00; TLI = 1.00; RMSEA = 0.00; chi-square = 1.46, d.f. = 
2, p-value = 0.482), and all four indicators loaded significantly onto the latent factor with 
moderate to high strength. Table 3 shows the unstandardized probit parameter estimates, 
standard errors, p-values and the appropriate standardized estimates for the structural model. 
PTSD symptoms had a significant direct effect on the latent sleep disturbance factor and a 
significant indirect effect on SI via sleep disturbance, but the estimate for the direct effect on 
SI was non-significant. MDD symptoms and polyvictimization significantly predicted sleep 
disturbance and SI. In the structural model the factor indicators loaded significantly onto the 
latent factor with loadings remaining at moderate to high strength. Males were at a greater 
risk of SI but had lower levels of sleep disturbance than females. Figure 1 represents the 
structural model schematically and includes standardized estimates and goodness of fit 




Results from the attrition analysis (table 4) reveal that at birth, those who were lost to follow-
up were more likely to have mothers with higher anxiety and depressive symptom scores, 


























4.1 Principal findings 
This study aimed to assess the importance of sleep disturbances in the increased risk of 
suicidal ideation in individuals with PTSD. Using structural equation modelling we found 
evidence for an indirect effect of PTSD symptoms on SI via sleep disturbance but no direct 
effect for PTSD symptoms on SI. This finding held when adjusting for MDD symptoms, 
polyvictimisation and gender. While adjustment for comorbid conditions including 
depression does support the absence or weakening of a direct affect in some studies (Leiner et 
al., 2008; Tang et al., 2010), our findings differ to the majority of the previous literature 
which found a direct effect of PTSD on suicidal behaviours. This discrepancy may be 
explained by the increased specificity of our study which accounted not only for MDD 
symptoms, but also for sleep disturbance and ployvictimization. The inclusion of sleep 
disturbances in particular may explain the lack of a direct PTSD effect on SI, as prior 
research in a military population found sleep disturbances were strongly related to suicidal 
ideation, even more so than depression and hopelessness (Ribeiro et al., 2012). As such, our 
study is the first to suggest that sleep disturbances may be an important comorbid determinant 
of the risk of suicidal ideation in PTSD sufferers, and thus should be targeted in interventions 
of PTSD patients in an effort to reduce suicidal behaviors. Of additional interest is our 
finding that lifetime cumulative polyvictimization predicted both sleep disturbance and SI 
independently of either PTSD symptoms or MDD symptoms. This secondary finding is 
perhaps no less important than our main finding, as it reveals that polyvictimization is a 
robust independent predictor of SI and sleep disturbance, acting via processes not linked to 




From a methodological perspective there are two major points to be noted when interpreting 
our results and considering future research. Firstly, it is important to note that we did not take 
a causal steps approach to our modelling by which a direct effect is first established and then 
subsequently challenged with the addition of an indirect effect. As explained more fully in 
our methods section, we followed the advice of Rucker et. al. (2011) who described the need 
to establish a significant direct effect prior to the addition of an indirect effect as a redundant 
misperception. Notably, if an indirect effect can exist in the absence of a direct effect then 
other comorbid conditions could exist which predict suicidal ideation in PTSD sufferers, and 
therefore sleep disturbance did not ‘fully’ account for the relationship between PTSD 
symptoms and SI after accounting for major depression symptoms. Secondly, as our data was 
cross-sectional we were unable to provide evidence on the direction of causation between 
PTSD symptoms and sleep disturbance, instead simply finding that sleep disturbances are one 
comorbid condition of PTSD necessary to increase the risk of SI, independent of major 
depression and polyvictimization. As one condition is likely to precede the other at least 
initially future studies are required to establish this temporal precedence. 
 
4.2 Possible mechanisms 
We propose a psychobiologic process may underlie the concurrent development of PTSD and 
sleep disturbance exhibited by some individuals, the combination of which subsequenlty 
leads to suicidal behaviors. Sleep disturbances may develop in response to PTSD symptoms. 
Studies show that the PTSD symptoms of hyperarousal make it difficult to initiate and 
maintain sleep through the intrusion of anxious arousal and by associations with increased 
levels of noradrenalin and amygdala dysfunction. In addition, evidence suggests that re-
experiencing symptoms prior to and during sleep, particularly event related memories, trigger 
awakening by acting as a conditioned stimulus which elicit a conditioned waking response 
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(Babson et al., 2011; Spoormaker & Montgomery, 2008).  The disruption of REM sleep 
which is important for emotional processing, in turn exacerbates PTSD symptoms with the 
consequences of disrupting sleep even further (Spoormaker & Montgomery, 2008). 
Alternatively, sleep problems when present prior to traumatic exposure may leave an 
individual more vulnerable to developing symptoms of PTSD via the negative effects of sleep 
loss on the body’s stress systems, limiting their ability to cope with stressors (Meerlo et al., 
2008). Sleep disturbance prior to traumatic exposure has been shown to increase the risk of 
psychiatric disorders including PTSD, other anxiety disorders, depression and substance 
abuse (Bryant et al., 2010). Consequently, sleep problems have also been found to predict 
more severe PTSD symptoms and hinder recovery (Babson et al., 2011; Brown et al., 2011). 
Regardless of the uncertainties regarding the primary condition of what remains a 
complicated interrelationship, the interplay of exacerbated PTSD symptoms with the 
emotional and physical exhaustion, and decreased ability to regulate emotional states 
resulting from the sleep deprivation typical to PTSD sufferers may drive an individual to 
consider and attempt suicide (Goldstein et al., 2008). Importantly, while our findings are 
novel an earlier exploratory study offers some support to our findings. This study found that 
the risk of suicidal behaviors in female sexual assault victims with PTSD increased among 
those with both sleep disordered-breathing and movements and proposed their finding 
resulted from a mechanism similar to the one we proposed here (Krakow et al., 2000). 
 
4.3 Limitations 
Our study had a number of limitations. In addition to the inherent disadvantages of cross-
sectional data described above, we must consider that we did not use a diagnosis of PTSD 
which somewhat limits the clinical utility of our findings. However, this was necessary to 
remove overlapping constructs among the predictors, the mediator and the outcome. In 
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addition, it had the advantage of controlling for the relationship between PTSD severity and 
sleep. As sleep disturbances have been found to increase in severity along with the severity of 
PTSD symptoms, the sleep disturbance factor may have simply been a marker of PTSD 
severity had we used a binary PTSD diagnosis, and in this way increase the risk of SI in those 
with PTSD. An additional limitation regards our measure of SI, which was based on a single 
question from a self-report questionnaire and as such we were unable to provide estimates of 
the validity or reliability of this construct. In defence of our measure is the fact that only 
8.3% of the sample reported SI suggesting it was a serious outcome. Finally, our cohort has 
been subject to considerable attrition, and our multivariate attrition analysis revealed that 
those lost to follow-up were more likely to have recorded outcomes at baseline which are 
likely to be linked with higher rates of trauma exposure and psychiatric disorders. Therefore, 
were we able to include the entire sample it is probable that we would have had a greater 




4.4 Implications and future research 
Our study is the first to suggest that the presence or absence of sleep disturbances in young 
people with PTSD symptoms is one important determinant of whether or not this group will 
experience suicidal ideation. Importantly, one condition is likely to precede the other initially 
in the majority of cases, even if for only a short period of time, and future studies with 
longitudinal capacity should attempt to elucidate the causal relationship between PTSD and 
sleep, in addition to identifying other comorbid conditions necessary to predicting suicidal 
behaviors in individuals with PTSD. Further, our results are specific to individuals who 
ideate, representing the initial precursory stage prior to completed suicide, and other studies 
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are needed to assess the relationship with suicidal plans, attempts and completion. In 
addition, lifetime polyvictimization was found to exert an independent influence on SI and 
sleep disturbance, revealing the importance of this factor to sleep and SI independent of 
PTSD symptoms. As evidence shows that violent and non-violent child abuse are differently 
related to the lifetime risk of suicide attempts (Joiner et al., 2007), future studies could further 
specify polyvictimization by the types of multiple traumas experienced. The investigators of 
this study appreciate that the relationship between PTSD and suicidal behaviours is 
complicated, contentious and a very serious matter. As such we have been explicit in our 
wish that the results of our study be considered in light of the limitations, and more 
importantly replicated and improved upon in future studies. In the meantime our findings 
suggest that while even among the mentally ill completed suicide is a statistically rare event, 
greater priority should be given to the treatment of sleep disturbances in PTSD patients and to 
the assessment of suicidal behaviors in these individuals. Furthermore, patients presenting 
with extensive trauma histories but who exhibit few or no PTSD symptoms may still require 













Funding and finance 
 
Conflict of interest: All authors declare no conflicts of interest 
 
Funding/Support: This study was funded by the National Health and Medical Research 
Council (NHMRC). R.A. is funded by a NHMRC Career Development Award Level 2 in 
Population Health (APP1012485). We acknowledge the help of the Australian Health 




Additional Contributions: The authors thank the MUSP team, MUSP participants, the Mater 
Misericordiae Hospital, and the Schools of Social Science, Population Health and Medicine 











Achenbach, T. M. (1997). Manual for the Young Adult Self-Report and Young Adult Behavior 
Checklist. Burlington, VT: University of Vermont, Department of Psychiatry. 
Babson, K., Feldner, M., Badour, C., Trainor, C., Blumenthal, H., Sachs-Ericsson, N., & 
Schmidt, N. (2011). Posttraumatic stress and sleep: differential relations across types 
of symptoms and sleep problems. Journal of anxiety disorders, 25(5), 706-713. 
Backhaus, J., Junghanns, K., Broocks, A., Riemann, D., & Hohagen, F. (2002). Test-retest 
reliability and validity of the Pittsburgh Sleep Quality Index in primary insomnia. 
Journal of psychosomatic research, 53(3), 737-740.  
Bedford, A., & Folds, GA. (1977). Validation of the Delusion-Symptom- States Inventory. 
British Journal of Medical Psychology, 50(2), 163-171.  
Bernal, M., Haro, J. M., Bernert, S., Brugha, T., de, G. R., Bruffaerts, R., . . . Alonso, J. 
(2007). Risk factors for suicidality in Europe: results from the ESEMED study. 
Journal of affective disorders, 101(1-3), 27-34. 
Brown, T. H., Mellman, T. A., Alfano, C. A., & Weems, C. F. (2011). Sleep fears, sleep 
disturbance, and PTSD symptoms in minority youth exposed to Hurricane Katrina. 
Journal of traumatic stress, 24(5), 575-580. 
Bryant, R. A., Creamer, M., O'Donnell, M., Silove, D., & McFarlane, A. C. (2010). Sleep 
disturbance immediately prior to trauma predicts subsequent psychiatric disorder. 
Sleep, 33(1), 69-74.  
Buysse, D. J., Reynolds, C. F., Monk, T. H., Berman, S. R., & Kupfer, D. J. (1989). The 
Pittsburgh Sleep Quality Index - a New Instrument for Psychiatric Practice and 
Research. Psychiatry Research, 28(2), 193-213.  
21 
 
Carpenter, J. S., & Andrykowski, M. A. (1998). Psychometric evaluation of the Pittsburgh 
Sleep Quality Index. Journal of psychosomatic research, 45(1), 5-13.  
Cavanagh, J. T., Carson, A. J., Sharpe, M., & Lawrie, S. M. (2003). Psychological autopsy 
studies of suicide: a systematic review. Psychological medicine, 33(3), 395-405.  
Cougle, J. R., Resnick, H., & Kilpatrick, D. G. (2009). PTSD, depression, and their 
comorbidity in relation to suicidality: cross-sectional and prospective analyses of a 
national probability sample of women. Depression and anxiety, 26(12), 1151-1157. 
Creamer, M., Burgess, P., & McFarlane, A. C. (2001). Post-traumatic stress disorder: 
findings from the Australian National Survey of Mental Health and Well-being. 
Psychol Med, 31(7), 1237-1247.  
Finkelhor, D., Orrarod, R. K., & Turner, H. A. (2007). Poly-victimization: A neglected 
component in child victimization. Child Abuse & Neglect, 31(1), 7-26.  
First, M., & Tasman, A. (2004). DSM-IV-TR Mental Disorders: Diagnosis, Etiology and 
Treatment. West Sussex: Wiley. 
Germain, A., Buysse, D. J., Shear, M. K., Fayyad, R., & Austin, C. (2004). Clinical correlates 
of poor sleep quality in posttraumatic stress disorder. Journal of traumatic stress, 
17(6), 477-484. 
Goldstein, T. R., Bridge, J. A., & Brent, D. A. (2008). Sleep disturbance preceding completed 
suicide in adolescents. Journal of Consulting and Clinical Psychology, 76(1), 84-91. 
Hu, L. T., & Bentler, P. M. (1998). Fit indices in covariance structure modeling: Sensitivity 
to underparameterized model misspecification. Psychological Methods, 3(4), 424-
453.  
Joiner, T. E., Jr., Sachs-Ericsson, N. J., Wingate, L. R., Brown, J. S., Anestis, M. D., & 
Selby, E. A. (2007). Childhood physical and sexual abuse and lifetime number of 
22 
 
suicide attempts: a persistent and theoretically important relationship. Behaviour 
research and therapy, 45(3), 539-547. 
Krakow, B., Artar, A., Warner, T. D., Melendrez, D., Johnston, L., Hollifield, M., . . . Koss, 
M. (2000). Sleep disorder, depression, and suicidality in female sexual assault 
survivors. Crisis, 21(4), 163-170.  
Krysinska, K., & Lester, D. (2010). Post-traumatic stress disorder and suicide risk: a 
systematic review. Archives of suicide research : official journal of the International 
Academy for Suicide Research, 14(1), 1-23. 
Large, M., Sharma, S., Cannon, E., Ryan, C., & Nielssen, O. (2011). Risk factors for suicide 
within a year of discharge from psychiatric hospital: a systematic meta-analysis. 
Australian and New Zealand Journal of Psychiatry, 45(8), 619-628. 
Leiner, A. S., Compton, M. T., Houry, D., & Kaslow, N. J. (2008). Intimate partner violence, 
psychological distress, and suicidality: A path model using data from African 
American women seeking care in an urban emergency department. Journal of Family 
Violence, 23(6), 473-481. 
MacKinnon, D. P. (1998). Introduction to statistical mediation analysis. Mahwah, NJ: 
Erlbaum. 
MacKinnon, D. P., Fairchild, A. J., & Fritz, M. S. (2007). Mediation analysis. Annual review 
of psychology, 58, 593-614. 
Meerlo, P., Sgoifo, A., & Suchecki, D. (2008). Restricted and disrupted sleep: effects on 
autonomic function, neuroendocrine stress systems and stress responsivity. Sleep 
medicine reviews, 12(3), 197-210. 




Najman, J. M., Bor, W., O'Callaghan, M., Williams, G. M., Aird, R., & Shuttlewood, G. 
(2005). Cohort Profile: The Mater-University of Queensland Study of Pregnancy 
(MUSP). Int J Epidemiol, 34(5), 992-997. 
Naragon-Gainey, K., & Watson, D. (2011). The anxiety disorders and suicidal ideation: 
accounting for co-morbidity via underlying personality traits. Psychological medicine, 
41(7), 1437-1447. 
Nock, M. K., Borges, G., Bromet, E. J., Cha, C. B., Kessler, R. C., & Lee, S. (2008). Suicide 
and suicidal behavior. Epidemiologic reviews, 30, 133-154. 
Nock, M. K., Hwang, I., Sampson, N. A., & Kessler, R. C. (2010). Mental disorders, 
comorbidity and suicidal behavior: results from the National Comorbidity Survey 
Replication. Molecular psychiatry, 15(8), 868-876. 
Panagioti, M., Gooding, P. A., & Tarrier, N. (2012). A meta-analysis of the association 
between posttraumatic stress disorder and suicidality: the role of comorbid 
depression. Comprehensive psychiatry. 
Peters, L., Clark, D., & Carroll, F. (1998). Are computerized interviews equivalent to human 
interviewers? CIDI-Auto versus CIDI in anxiety and depressive disorders. Psychol 
Med, 28(4), 893-901.  
Ribeiro, J. D., Pease, J. L., Gutierrez, P. M., Silva, C., Bernert, R. A., Rudd, M. D., & Joiner, 
T. E., Jr. (2012). Sleep problems outperform depression and hopelessness as cross-
sectional and longitudinal predictors of suicidal ideation and behavior in young adults 
in the military. Journal of affective disorders, 136(3), 743-750. 
Rucker, D. D., Preacher, K. J., Tormala, Z. L., & Petty, R. E. (2011). Mediation analysis in 
social psychology: current practices and new recommendations. Social and Personal 
Psychology Compass, 5(6), 359–371.  
24 
 
Sareen, J., Cox, B. J., Stein, M. B., Afifi, T. O., Fleet, C., & Asmundson, G. J. (2007). 
Physical and mental comorbidity, disability, and suicidal behavior associated with 
posttraumatic stress disorder in a large community sample. Psychosomatic medicine, 
69(3), 242-248. 
Schumacker, R. E., & Lomax, R. G. (2004). A beginner's guide to structural equation 
modeling (2nd ed.). Mahwah, N.J.: Lawrence Erlbaum Associates. 
Spilsbury, J. C. (2009). Sleep as a mediator in the pathway from violence-induced traumatic 
stress to poorer health and functioning: a review of the literature and proposed 
conceptual model. Behavioral sleep medicine, 7(4), 223-244. 
Spoormaker, V. I., & Montgomery, P. (2008). Disturbed sleep in post-traumatic stress 
disorder: secondary symptom or core feature? Sleep medicine reviews, 12(3), 169-
184. 
Tang, T. C., Yen, C. F., Cheng, C. P., Yang, P., Chen, C. S., Yang, R. C., . . . Yu, H. S. 
(2010). Suicide risk and its correlate in adolescents who experienced typhoon-induced 
mudslides: a structural equation model. Depression and anxiety, 27(12), 1143-1148. 
Wong, M. M., Brower, K. J., & Zucker, R. A. (2011). Sleep problems, suicidal ideation, and 
self-harm behaviors in adolescence. Journal of psychiatric research, 45(4), 505-511. 
World Health Organisation. (1997). Composite International Diagnostic Interview, version 













Measure n (%) 
 
Measure n (%) 
Number of PTSD symptoms 
  
Night waking (nights/week) 
    0 2,308 (90.62) 
 
   < once 1,406 (58.08) 
   1-6 23 (0.90) 
 
   once or twice 540 (22.30) 
   7 25 (1.00) 
 
   three or more 475 (19.62) 
   8 22 (0.86) 
 
Restless sleep  (nights/week) 
    9 31 (1.22) 
 
   < once 1,175 (48.53) 
   10 24 (0.94) 
 
   once or twice 847 (34.99) 
   11 25 (0.98) 
 
   three or more 399 (16.48) 
   12 20 (0.79) 
 
Sleep medicine (nights/week) 
    13 20 (0.79) 
 
   no 2,231 (92.15) 
   14 16 (0.63) 
 
   < once 109 (4.50) 
   15 16 (0.63) 
 
   once or twice 41 (1.69) 
   16 13 (0.51) 
 
   three or more 40 (1.65) 
   17 4 (0.16) 
 
Sleep quality 
 Number of MDD symptoms 
  
   very good 422 (17.43) 
   0 2,257 (87.99) 
 
   fairly good 1,535 (63.40) 
   1-4 22 (0.86) 
 
   fairly bad 391 (16.15) 
   5 17 (0.66) 
 
   very bad 73 (3.02) 
   6 19 (0.74) 
 
Gender 
    7 34 (1.33) 
 
   male 1,163 (48.04) 
   8 44 (1.72) 
 
   female 1,258 (51.96) 
   9 46 (1.79) 
 
Polyvictimization 
    10 50 (1.95) 
 
   zero 1,183 (48.86) 
   11 49 (1.91) 
 
   one 606 (25.03) 
   12 21 (0.82) 
 
   two 308 (12.72) 
   13                 6 (0.23) 
 
   three 176 (7.27) 
Suicidal ideation 
  
   four + 148 (6.11) 
   yes 200 (8.26) 
      no 2,221 (91.74) 
   DSM-IV PTSD symptoms n (%) 
 
DSM-IV PTSD symptoms n (%) 
   A1 terrified (peritrauma) 178 (7.00) 
 
   C4 diminished interest 102 (4.00) 
   A2 felt helpless (peritrauma) 202 (7.93) 
 
   C5 detached 142 (5.58) 
   B1  intrusive memories 230 (9.03) 
 
   C6  restricted affect 134 (5.26) 
   B2 nightmares ** 122 (4.79) 
 
   C7 foreshortened future 60 (2.36) 
   B3 flashbacks 86 (3.38) 
 
   D1 insomnia ** 169 (6.64) 
   B4 psychologic reactivity 213 (8.36) 
 
   D2 irritability 127 (4.99) 
   B5 physiologic reactivity 142 (5.48) 
 
   D3 concentration problems 158 (6.20) 
   C1 avoid thinking 204 (8.01) 
 
   D4 hypervigilance  203 (7.97) 
   C2 avoid activities 166 (6.52) 
 
   D5 exaggerated startle 101 (3.97) 
   C3 amnesia 55 (2.16) 
   Note: Sleep related symptoms were excluded from the counts of PTSD and MDD symptoms and death/suicide 
related symptoms were excluded from MDD. ** indicates sleep related PTSD symptoms shown for descriptive 
purposes but excluded from the PTSD symptom count variable. 
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Table 2: Correlations between all factors among the full case analysis (n=2,421) 
Correlation matrix SI PTSD MDD Polyvic. Waking Restless Medicine Quality Gender 
SI 1.00 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.05 
PTSD 0.16* 1.00 0.01 0.01 0.02 0.02 0.02 0.02 0.03 
MDD 0.29* 0.18* 1.00 0.02 0.02 0.02 0.02 0.02 0.03 
Polyvictimization 0.18* 0.39* 0.10* 1.00 0.02 0.02 0.02 0.02 0.03 
Night waking 0.22* 0.11* 0.17* 0.08* 1.00 0.01 0.02 0.02 0.02 
Restless sleep 0.24* 0.16* 0.21* 0.12* 0.48* 1.00 0.02 0.01 0.02 
Sleep medicine 0.11* 0.08* 0.01 0.08* 0.11* 0.15* 1.00 0.02 0.03 
Sleep quality 0.27* 0.12* 0.20* 0.09* 0.37* 0.55* 0.13* 1.00 0.03 
Gender 0.07 0.17* 0.15* -0.15* 0.27* 0.21* 0.05* 0.16* 1.00 
 
                         Note: Sample correlations are in the lower triangle [* p<0.05 (two-tailed)]. Standard errors of the correlations are in the upper triangle.     
                        Correlations calculated using Mplus BASIC with WLSMV estimator which use tetrachoric, polychoric, polyserial or Pearson correlations depending on the     
                        variables. 








Table 3: Structural equation model showing weighted least squares (WLSMV) 
estimates of the direct and indirect effect of PTSD symptoms on SI at 21 years adjusted 
for MDD, polyvictimization and gender,  and including latent factor indicator loadings 
(n=2,421) 
 
Outcomes Predictors USPE SE p-value SPE 
SI 
     
 
PTSD 0.02 0.02 0.221 0.04 
 
PTSD via sleep dis. ‡ 0.01 0.00 0.003 0.02 
 
MDD 0.11 0.02 <0.001 0.21 
 
Sleep disturbance † 0.42 0.07 <0.001 0.27 
 
Polyvictimization 0.08 0.03 0.016 0.11 
 
Gender -0.10 0.08 0.016 -0.09 
      Sleep disturbance † 
     
 
PTSD 0.03 0.01 0.001 0.08 
 
MDD 0.08 0.01 <0.001 0.22 
 
Polyvictimisation 0.06 0.01 <0.001 0.11 
 
Gender 0.30 0.03 <0.001 0.44 
      
 
Factor loadings USPE SE p-value SPE 
Sleep disturbance † 
     
 
Night waking 1.00 0.00 reference 0.66 
 
Restless sleep 1.41 0.06 <0.001 0.90 
 
Sleep medicine 0.45 0.06 <0.001 0.76 
 
Sleep quality 1.15 0.04 <0.001 0.31 
 
Note: Estimates expressed as unstandardized parameter estimates (USPE), standard errors (SE) and p-values, 
and standardized parameter estimates (SPE). 
† latent factor; ‡ indirect effect. 
Suicidal ideation (SI); Post-traumatic stress disorder (PTSD); Major depressive disorder (MDD). 
The USPE and SPE obtained via bias corrected bootstrapping confirmed the estimates in the table obtained with 



































Figure 1: Structural equation model of the direct and indirect effects of symptoms of post-traumatic stress 
disorder (PTSD) on suicidal ideation (SI) adjusted for symptoms of major depressive disorder (MDD), 
polyvictimization and gender at 21 years of age [showing standardized estimates (* p<0.05; ** p<0.001)]. The 
dashed line represents the indirect effect of PTSD on SI via sleep disturbances (indirect estimate is bolded). Fit 
indices indicate the model is a good fit to the data [CFI = 0.99; TLI = 0.98; RMSEA = 0.029; chi-square = 







    PTSD 
     MDD 
  Gender Polyvictim 
      SI 
      Sleep 
Disturbance 
Restless 
   Sleep 
   Night 
  Waking 
   Sleep 
Medicine 
    Sleep 
   Quality 
    
29 
 
Table 4: Multivariate attrition analysis – showing the likelihood of being lost to follow-
up according to baseline factors [expressed as OR with 95% Confidence Intervals (CI) 
(n = 6,534) 
 
Effect OR (95% CI) P value P for LRT 
 
      maternal depression score 1.07 (1.01, 1.13) 0.017 0.016 
   maternal anxiety score 1.06 (1.01, 1.11) 0.010 0.01 
Income $/week 
      0 - 5,199 2.04 (1.42, 2.94) <0.001 
    5,200 - 15,599 1.35 (1.02, 1.77) 0.033 
    15,600 - 25,999 1.25 (0.94, 1.66) 0.125 <0.001 
   26,000 + reference 
  Age of mother at birth (years) 
      13 - 19 1.38 (1.04, 1.82) 0.027 
    20 - 34 1.14 (0.89, 1.46) 0.313 0.024 
   35 + reference 
  Mothor's relationship status 
      single 1.37 (1.11, 1.68) 0.003 0.003 
   married/de facto reference 
   
Note: The total 6,534 participants in the attrition analysis consisted of 2,251 who were included in the main 
analysis and had all baseline data and 4,283 who were not included in the main analysis but who had all baseline 
data. 
 
 
